ABSTRACT: Soybean oil has many important components, but for its maintenance it is essential that there is an appropriate storage, temperature, relative humidity and optimum grain moisture content, because the oxidation reactions occur by improper storage, causing product deterioration. The objective of this study was to evaluate the main changes in the quality of soybean crude oil, from grain storage in temperature of 30°C and different relative humidity (59.6%, 67.0% and 76.0%). Soybean grains were packaged in plastic recipients, where saturated salt solutions were added so the grains reached the desired moisture. The analyses of moisture content, lipid, acidity index, color, antioxidant capacity, specific extension by absorption in the ultraviolet region were realized during storage for 180 days, because they indicate the degree of oil oxidation. A completely randomized design was conducted, and analysis of variance and Tukey test were performed. The storage time caused changes in physical-chemical properties of the grains, indicating that the oil was degraded over time.
INTRODUCTION
Soybean, Glycine max (L.) has great importance for being versatile as the production of products intended for human and animal consumption, as well as high economic value in domestic and Internacional market. Consumption of soybean and its derivatives can be related to human health, because it contains nutritional characteristics as high content of adequate nutritional quality protein, a significant amount of minerals and fibers, little saturated fat and no cholesterol PAULETTO & FOGAÇA, 2012; CARVALHO, 2014) .
According to CARRERA et al. (2011) , soybean contains 40% protein, 20% lipids, 30% carbohydrates and 5% minerals and ash, when with 13% of humidity. Soybean is a source of protein, saturated and unsaturated fatty acids that help maintain appropriate levels of cholesterol, having some vitamins and polyphenolic compounds (isoflavones) .
The oil is characterized by having unsaturated fatty acids (approximately 85% of total), particularly palmitic acid (varying between 7% -14%), oleic acid (19% -30%), linoleic acid (between 44% -62 %) and linolenic acid (4% -11%) (CARRERA et al., 2011) .
Lipids are the more prone fraction to degradation in soybean. Occurrence of lipids oxidation is related to several mechanisms of complex reactions. Some factors are able to produce or accelerate oxidation, as heat, light, ionizing reactions, metals traces (copper and zinc), by metalloproteins and by lipoxygenase (CANDEIA et al., 2011) . They can also be influenced by: fatty acid composition, concentration and type of oxygen, free fatty acids, mono-and diacylglycerols, peroxides, oxidized compounds, pigments and antioxidants (DECKER et al., 2010; SOARES et al., 2012; RAMALHO & SUAREZ, 2012) .
Higher temperatures accelerate the rate of oxidation, and with the water content affect the oil storage, which may cause deterioration of them (ZUCHI et al., 2011; THODE FILHO et al., 2014) . Tábata Z. Bischoff, Silvia R. M. Coelho, Vanderleia Schoeninger, et al. Eng. Agríc., Jaboticabal, v.36, n.6, p.1145 -1156 , nov./dez. 2016 1146 The soybean storage with high water content results in higher free fatty acid content. According to CORREA et al. (2010) , during storage, when its water content is high, there is hydrolytic rancidity process. This lipidic fraction is slowly hydrolyzed by water at high temperature by the action of natural lipolytic enzymes or produced by microbial contaminants, contributing to the hydrolytic rancidity of the grains. The acid content shows the oil conservation status because the decomposition of glycerides is accelerated by heat and light; rancidity is almost always accompanied by the formation of free fatty acid. The free acidity of a fat is not a constant or a characteristic, but it is a variable related to the nature, quality of raw material, degree of fat purity, with processing and especially with the oil storage conditions (VIANA et al., 2014) .
The oxidation process may also be accompanied by the determination of antioxidant capacity and specific extinction coefficients. Antioxidants are substances that retard the rate of oxidation and the reduction of the antioxidant content reflects the increase of the oxidative process. The specific extinction coefficients are important parameters in determining the quality of oil, being that the absorbance of 232 nanometers is indicative of the presence of peroxides, hydroperoxides and conjugated dienes (primary oxidation products). The absorbance of 270 nanometers is already indicative of the presence of secondary oxidation products (alcohols, ketones, aldehydes) and conjugated trienes ((RODRIGUES et al., 2012) .
The oxidation process can also affect the color of the product. The CIELAB color space measures the a * and b * coordinates, in which system a * ranges from green (-a *) and red (+ a *), b * from blue (-b *) and yellow (-b *), which are representative parameters for assessing the quality of a product (GRANATTO & MASSON, 2010) .
Given the above, the objective of this study was to evaluate the quality changes of crude soybean oil present in soybeans, from its storage at 30 °C of temperature and different air humidity (59.6%, 67.0% and 76.0%).
MATERIAL AND METHODS
It was used soybean (Glycine maxL.), variety SYN 1059 RR, freshly harvested, grown in the western Paraná region. Soybeans were dried in the drying chamber, up to 12% water content.
To control soybeans humidity during storage at temperature of 30 °C, the relative humidity values of the air balance are shown in Table 1 with their respective combination of temperature and product moisture content. For this, it was used the model proposed by Chung Pfost, shown in [eq. (1)]:
where, RHe = relative humidity balance, decimal; W = water content of the soybeans, dry basis; T = temperature, ºC, A, B and C are product constants and correspond to the 138.45; 14.967 and 24,576 respectively for soybean (NAVARRO & NOYES, 2001 ).
In order to remain with the predetermined content it is necessary that the relative humidity is with the values shown in Table 1 . The desired relative humidity was obtained by saturated salt solutions (Table 2 ) and with combinations of temperature and water activity ranges for saturated saline solution, obtaining relative humidity values between 59.6% and 76.0%. The soybean was stored in jars and stored in a chamber with control temperature, at temperature of 30 °C (± 1 °C). After each storage time, to perform the analysis, the grains were ground on a cooled mill knives. After this procedure, samples were sieved through a 26 mesh sieve. To carry out the analysis from the oil, it was extracted by cold extraction, by solvents preventing oxidation. Analyses were performed in triplicate. The water content was analyzed every 45 days also, lipid content and acidity content in the flour from the stored product. In the oil were performed analysis of acidity index, color, determination of antioxidant capacity and specific extinction by absorption in the ultraviolet region. The storage time was 180 days.
The determination of water content was performed by gravimetry by standard oven method and determination of lipid content was made by Soxhlet as determined by the ADOLFO LUTZ INSTITUTE (2008).
The determination of the lipid content by the Bligh and Dyer method for extraction with different degrees of polarity was performed using the chloroform; methanol and distilled water was added according to CARVALHO et al. (2002) .
For the determination of titratable acidity, it was used titration in the presence of phenolphthalein solution with 0.01 M sodium hydroxide solution (ADOLFO LUTZ INSTITUTE, 2008) .
For the oil extraction by cold, it was followed the Bligh and Dyer method. For this purpose it was used chloroform, methanol and distilled water (1: 2: 1) (CARVALHO et al., 2002) .
In the extracted oil were determined the titratable acidity, color parameters a *, b * (source analysis) and determination of the antioxidant capacity by DPPH method according to REZIG et al. (2012) . The results were expressed as percentage concentration (REZIG et al., 2012) .
Color determination was done with direct reading in soybean oil using a digital colorimeter Konica Minolta ® brand, model CR 410, with 50mm opening. Readings were performed with three replicates of the samples, obtaining average values of a * and b * (GRANATTO & MASSON, 2010) . It was chosen a * and b * in the color parameters as a * indicates the variation between the green and red and b * indicates the variation between blue and yellow. For the determination of specific extinction by absorption in the ultraviolet region the oil was dissolved in a suitable solvent and the extinction of the determined solution at the specified wavelengths, using as reference the pure solvent ( ADOLFO LUTZ INSTITUTE, 2008) .
The results were submitted to analysis of variance (ANOVA) and mean comparison test (Tukey test). The significance level was equal to or less than 5%. Analyses of variance were performed by R statistical program.
In this experiment, with three relative humidity in the storage room (59.6%, 67.0% and 76.0%), obtained by means of three saturated salt solutions, respectively (sodium bromide -NaBr , potassium iodide -KI and sodium chloride -NaCl), which allowed three water contents in oleaginous plants (9.6%, 11.2% and 12.8%). It was used the NaBr salt to achieve the relative humidity of 59.6%, the KI salt to the relative humidity of 67.0% and the NaCl salt to the relative humidity of 76.0%. The material stored in these conditions was evaluated at five different times, for 180 days, with samples taken every 45 days. The experiment was conducted in a completely randomized design, in a split plot with three replications for each treatment. The type of storage (combination at temperature of 30 °C and relative humidity of the air (59.6%, 67.0% and 76.0%)) was the parcels and storage time (0 days 45days, 90 days, 135 days and 180 days), the subplot.
RESULTS AND DISCUSSION

Quality assessment of stored oleaginous plants
Because the interaction of the water content between treatment and time was significant, it was realized the mean comparisons of the treatments in each of the storage times.
It can be observed (Table 3) , that in all treatments evaluated the desired balance was reached near 45 days but in all treatments at 90 days decreased the desired humidity, which was stabilized again after this period. A similar situation was found by ALENCAR et al. (2009) while working with soybean stored for 180 days under different conditions in which water contents were practically constant, except for minor variations with those stored at higher storage temperatures, close to those used in this study. In airtight storage conditions soybean presents smaller variations in water content due to the lack of exchange with the environment, allowing the hygroscopic stability, represented by small variations of the water content. In study carried out, that did not seek the balance of water content during storage, it decreased over storage time (SMANIOTTO et al., 2014) .
The content of lipids in oleaginous plants by Soxhlet method was significant for the treatments and time (Figure1a and1b).
There is greater lipid content in the treatment with a relative humidity of 76.0% (Figure 1a ) and increased lipid content during storage, with soybeans with higher values at 90 days and 135 days (Figure 1b as respiration or oxidation processes, which may be caused by enzymes as lipases, phospholipases and peroxidases, present in the grains themselves or by being associated to the microflora. during the process of extraction of total lipids, it can drag other polar soluble solvents compounds, such as proteins and minerals. The same happened to DIAS et al. (2013) , studying coffee beans and the average extraction by Soxhlet was higher than the average extraction by Bligh and Dyer.
In the analysis of the acid content in the oleaginous plants (Table 4) , there was interaction between storage time and conditions, but may be noted increment on the average acidity with increasing of the storage time. With the relative humidity of 59.6%, higher acidity levels were observed from 90 days. For the relative humidity of 67.0% and 76.0% this increase is most striking from 135 days, and for all storage conditions, higher acidity levels were found after 180 days of storage, indicating deterioration of the material. It was just observed differences between 59.6% and 67.0% relative humidity, at 45 days of storage, because, in general there were no differences in the used relative humidity. PARK et al. (2012) also observed a significant increase in acidity of polished rice grain storage for four months. Increases in acidity levels are results of lipases and phospholipases action present in these grains or produced by microflora associated that contribute to the breakdown of triglycerides ether linkages and from the oxidation of unsaturated carbon chains in the fatty acids (NAZ et al., 2004) .
The checking of the oil quality extracted from the stored product at different relative humidity at a temperature of 30 o C, was made through acid content analysis, color parameters, antioxidant capacity and specific extinction by absorption in the ultraviolet region.
Quality assessment of the crude oil extracted from the stored soybeans
In the assessment of the acidity index of the crude oil (Table 5) , there was an interaction between storage conditions and time; same behavior was observed in the acidity of the oil, with an upward trend of this index, indicating deterioration of the product during storage. When the acidity index was analyzed in the extracted crude oil, compared to the soybean acid content, the differences between the storage conditions were more evident. From 45 days, it was Technological quality of soybean oil obtained from stored grain under controlled environmental conditions Eng. Agríc., Jaboticabal, v.36, n.6, p.1145-1156 , nov./dez. 2016 1151 already observed higher acidity levels in oil extracted from the product stored in the highest relative humidity. In all storage conditions there were increases on the acidity index with increasing storage time, but for the oil obtained from the storage at 76.0%, significant differences were observed from 45 days with greater oil deterioration on that treatment and beginning of the oxidation process. The soybean storage conditions are reflected directly on the yield and quality of the final product. The chemical reactions involved in the respiratory process are controlled by enzymes and increase the relative humidity, which promotes biological activity because enzymes are more easily mobilized for the process (ZUCHI et al., 2011) .
The a* coordinated or a* component showed variations in crude oil only during storage (Figure 3) , observing a significant increase from 45 days of storage, indicating an increase of green color and increased of red color. ALENCAR et al. (2009) noted an increase in color variation according to the increase of soybean humidity and storage temperature, which was not observed in this study since the variation was only influenced by storage. However, it can be considered that this increase was a positive factor, since the green color is related to the presence of chlorophyll in the oil, which should not be present because it reduces the commercial value.
In the evaluation of the (b*) component, the storage conditions and time were significant (Figure 4 a and b) . It was observed lower values of b * component in soybean oil stored at 67.0% of relative humidity and reduced values during storage. In the evaluation of the oil antioxidant capacity were observed significant differences between the storage conditions and storage time ( Figure 5 a and b) . The lowest values of antioxidant capacity were found in the oil of stored soybeans at 76.0% of relative humidity and higher values, at a relative humidity of 67.0%, indicating that lower soybean moisture content, so with higher of these values arising from storage at different relative humidity have lower antioxidant capacity, which can lead to increase the product oxidation. The antioxidant capacity is measured by capturing DPPH radicals present in the sample and as higher the value obtained, the better the oil storage. In high humidity storage conditions, there was a lower catch, probably because of the antioxidants have already rusted and no longer exist on these radicals. Most of the antioxidant capacity of certain vegetable oils is due to the large amount of phenolic compounds present (CASTELO-BRANCO & TORRES, 2011).
In specific extinction by absorption in the ultraviolet region, absorbance at a wavelength of 232 nanometers, the interaction between treatment and time were significant (Table 6 ). The soybean oil stored in lower and higher relative humidity presented higher values of specific extinction from 90 days. This can be explained because the peroxides and hydroperoxides are very unstable and are rapidly decomposed to form low molecular weight products such as aldehydes. As the primary products (absorbance 270 nm) from oxidation were formed, they were broken down into secondary products, However when there was a reduction of primary compounds at the end of the storage, the secondary compounds increased even more which is explained by the fact that the formation of secondary compounds were already higher than the formation of primary compounds, what is normal, because from a certain point of degradation of the fatty acids, the formation of peroxides and hydroperoxides are limited (RODRIGUES et al., 2012 ) .
In absorbance at a wavelength of 270 nanometers, the interaction between treatment and time were significant (Table 7 ) and the specific absorption at 270 nm showed a similar behavior to absorption at 232 nanometers. Secondary products from oil oxidation increased during storage time. As the values of specific extinction were greater on the absorbance of 270 nanometers, there is a higher concentration of secondary products at the end of oxidation.
CONCLUSIONS
The storage time causes changes in the physicochemical properties of soybean, being the greatest changes in the evaluated parameters in environments with higher relative humidity. The grains stored at 30 °C in all the relative humidity had at the end of the storage oxidation problems. In crude oil, in all relative humidity occurred lipidic oxidation. This caused reductions in the parameter lipids content, specific extinction in the ultraviolet region (absorbance of 232 nm) of the oil, antioxidant activity, increased antioxidant capacity, in absorbance of 270 nanometers, in the acidity index and with variation also in the color of the beans. This indicates that oxidation has occurred, or the oil has been degraded over time, and especially in that stored for six months at 30 °C, with the lowest relative humidity (59.6%) and with higher relative humidity (76.0%).
The major degradation problems were most noticeable at 180 days of storage and with the increased relative humidity. Thus, the best way to store soybeans at 30 °C is to keep the intermediate humidity for short periods of storage.
